Persistent infections with several strains of mumps virus (strains Torii and Miyahara), measles virus (strains Edmonston, CAM-70, AIK-C and Schwarz) and subacute sclerosing panencephalitis (SSPE) virus (Halle and Mantooth) were established in various cell lines (FL, KB, A549, SK-AS, 293, K562, Ramos and NC-37). Oligo-2',5'-adenylate synthetase activity was demonstrated to be only slightly induced by interferon in cytoplasmic and nuclear fractions of cell lines persistently infected with mumps virus. In these cells, resistance to vesicular stomatitis virus infection was not induced by interferon treatment. Treatment of the persistently infected cells with interferon for 10 and 24 h did not stimulate an increase in the amount of synthetase mRNA. In cells persistently infected with measles and SSPE viruses, reduced induction of the enzyme varied with host cell types. Induction of the enzyme was not found in K562, SK-AS and KB cells, but was recognized in NC-37 and FL cells.
The antiviral state induced in cells by treatment with interferon (IFN), namely the induction of oligo-2',5'-adenylate synthetase (2-5AS) and protein kinase systems, plays an important role in defence mechanisms against virus infections. Therefore, variation of the antiviral function caused by virus infections may correlate with pathogenesis of viral diseases. It is likely that the reduced antiviral state increases the susceptibility of host cells to virus infections. Recently, it has been reported that infection with several viruses reduces the antiviral function of IFN (Anderson & Fennie, 1987) . These viruses have inhibitors of the IFN-induced, dsRNA-dependent protein kinase or have a capacity to suppress the induction of IFN-inducible 2-5AS. The kinase inhibitors produced by virus infection are already defined in cells infected with adenovirus, vaccinia virus and reovirus (Whitaker-Dowling & Youngner, 1983; Palz & Esteban, 1984; Rice & Kerr, 1984; Schneider & Shenk, 1987; Imani & Jacobs, 1988) . On the other hand, Crespi et al. (1986) reported that Vero cells persistently infected with Sendai and subacute sclerosing panencephalitis (SSPE) viruses acquired a resistance to IFN because of the reduced induction of 2-5AS in spite of the normal level of IFN receptor. It has been also reported that failure to induce 2-5AS activity was observed in K562 cells persistently infected with measles and mumps viruses, and BALB3T3 cells persistently infected with Moloney murine leukaemia virus. The decreased 2-5AS activity in these cells was due to the suppressed translation or transcription of 2-5AS mRNA (Fujii et al., 1988a, b) .
It is important to investigate whether an interaction between virus and cell is accompanied by reduced induction of 2-5AS. In this paper, we describe established persistent infections of several cell lines and the induction of 2-5AS in these cell lines after treatment with IFN.
Human cell lines, lymphoid cells of B cell origin (NC-37 and Ramos), chronic myelogenous leukaemia cells (K562), neuroblastoma cells (SK-AS), amnion cells (FL), lung cancer cells (A549) and nasopharyngeal cancer cells (KB), were cultured with RPMI 1640 medium supplemented with 5~o heat-inactivated foetal bovine serum (Gibco) and 100 units (U)/ml of penicillin in a humidified 5 ~ CO2 incubator at 37 °C. They were infected with measles vaccine strains CAM-70, AIK-C and Schwarz, measles wild strain Edmonston, SSPE viruses Hfille and Mantooth, and mumps vaccine strains Torii and Miyahara (Kuwajima et al., 1978; Fujii et al., 1988a) . Persistent infections by these viruses were established in several cell lines, with or without significant cytolysis between 20 and 40 days postinfection and all the growing cells were shown to be virus antigen-positive by using fluorescein isothiocyanatelabelled anti-measles or anti-mumps antibodies. All clones derived from these lines produced progeny virus. Persistently infected cells, which were passaged for more than 6 months after establishment, were treated with 500 0000-9749 © 1990 SGM Short communication international units (IU)/ml of IFN-ct (3 × 106 IU/vial, Lot 02-31, Japan Red Cross Society) for 24h. The enzyme activity in cytoplasmic and nuclear fractions was prepared by the method described previously (Shimizu et al., 1984; Fujii et al., 1987) . Northern blot analysis was carried out on mRNA preparations from persistently infected cells to determine the size and the amount of 2-5AS mRNA transcripts. Total cytoplasmic RNA was electrophoresed on formaldehyde-agarose gels, blotted and hybridized to the 32p-labelled probe as previously described (Fujii et al., 1988a, b) .
Various cell lines persistently infected with the Torii strain and with the Miyahara strain were established. Only Ramos, A549 and SK-AS cells, infected with the Torii strain, induced 2-5AS activity, but only at onetenth to one-twentieth the levels induced in uninfected cells (Table 1) . Table 2 demonstrates that 2-5AS activity was slightly induced in both cytoplasmic and nuclear fractions of K562 and FL cells infected with mumps virus. Susceptibility to vesicular stomatitis virus (VSV) infection was examined with FL, KB and SK-AS cell lines persistently infected with the Torii strain (Table 3) . After treatment with IFN, they were infected with VSV at an m.o.i, of 1 at 37 °C for 1 h and then washed and cultured for 24 h. They were then washed, stained with gentian violet solution for 2 or 3 min and washed and dried at room temperature. The dye binding to the cells was dissolved with 5 ml of methyl cellosolve for 3 h, diluted tenfold with the same solvent and absorbance was measured at 550 nm. Three control cell lines were susceptible to VSV infection and resistance of the cells to VSV was increased by IFN. The antiviral effect of IFN, however, was not found in persistently infected cells. This result is consistent with the failure to induce 2-5AS activity by IFN. DNA synthesis and cell growth of the persistently infected cells were not changed as compared with uninfected cells (data not shown). However, Northern blot analysis revealed that there was a drastic reduction in the amount of 2-5AS mRNA in IFN-treated KBMTP and FLMTP cells when compared with that in control IFN-treated FL and KB cells (Fig. 1) , in which three long 2-5AS mRNAs were induced by IFN.
Although the 1-8 kb 2-5AS mRNA was detectable in persistently infected cells (FLMTP and KBMTP) treated with IFN, the amount of transcript did not increase above that found in persistently infected cells and in control cells without IFN. These results are compatible with those in the previous report for K562 cells persistently infected with mumps viruses. Although we cannot exclude the fact that the result of Northern analysis is caused by accelerated degradation of 2-5AS mRNA, this possibility is not likely because 2-5AS mRNA in persistently infected cells is detectable at 0 h post-treatment. On the contrary, suppression of 2-5AS induction in cells persistently infected with measles and SSPE viruses is dependent on combinations of host cell types and viruses (Table 1) . Suppression of 2-5AS induction was most obvious with K562 cells infected with the AIK-C strain (about one-fiftieth of the control level). In addition, slight reduction was recognized in KB cells infected with AIK-C strain (about one-seventh of the control level), and in K562 and SK-AS cells infected with SSPE viruses (about one-fifth to one-tenth of the control level). These results were recognized in both cytoplasmic and nuclear fractions of these cells (Table 2) . DNA synthesis and release of progeny virus were not changed. Although the mechanism of this suppression is still unknown, it has been reported that 2-5AS mRNA was detectable in K562 cells persistently infected with AIK-C vaccine strain in spite of poor induction of this enzyme (Fujii et al., 1988a) . Poor translation of virus matrix M protein mRNA and the inhibition of macromolecular synthesis have been reported in SSPE virusand measles virus-infected cells, respectively (Minagawa et al., 1977; Fujii et al., 1978; Haase et al., 1985) . Therefore, it might be considered that translation of 2-5AS mRNA is inhibited by some mechanism in combinations of virus and cell. Recently, measles virus genomic RNA was detected in peripheral blood mononuclear leukocytes obtained from patients with systemic lupus erythematosus and chronic glomerulonephritis (Robertson et al., 1987; Andjaparidze et al., 1989) . Persistent infection by measles virus might be associated with some autoimmune disease and SSPE through suppression of 2-5AS induction. It has been reported that augmentation of human immunodeficiency virus replication was recognized in cells infected with other human retroviruses such as human T cell leukaemia virus type 1 (HTLV-I) and HTLV-II, herpes simplex virus type 1 and JC virus (Gendelman et al., 1986; Mosca et al., 1987; Okamoto et al., 1987) . Increased virus replication might be correlated in part with suppresson of the 2-5AS system by dual infection of other viruses.
